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EPILEPSY 


Epilepsy  is  a  disorder  of  the  brain  characterized  by  recurring  seizures,  in  which  there 
are  uncontrolled  electrical  discharges  of  brain  cells  (ref  IX  Epilepsy  may  arise  from  a  very 
small  area  of  damaged  brain  tissue,  or  from  the  entire  brain.  There  may  be  no  apparent  brain 
damage,  or  damage  limited  to  an  area  so  small  it  cannot  be  detected.  Therefore,  in  nearly 
one-half  the  cases,  the  cause  of  epilepsy  is  not  known. 

There  are  several  types  of  seizures  associated  with  epilepsy,  the  most  common  of 
which 'are  generalized  tonic-clonic  (grand  mal),  absence  (petit  mal),  complex  partial 
(psychomotor),  and  elementary  partial  (focal  motor).  Each  seizure  type  can  be  characterized 
by  various  symptoms.  However,  the  seizures  are  generally  not  life-threatening,  lasting  at 
most  up  to  three  minutes.  The  exception  is  status  epilepticus,  also  called  continuous-  seizure 
state.  This  is  the  occurrence  of  repetitive  or  continuous  seizures  and  affects  approximately  3 
to  5  percent  of  those  individuals  suffering  from  epilepsy.  It  can  exist  with  all  types  of 
seizures  and  may  result  in  irreversible  brain  damage  or  death  without  prompt  medical 
treatment. 

THE  PROBLEM 

A  tetherless  monitor  has  been  designed  (ref  2)  (Figure  1)  for  parents  of  children 
afflicted  with  epilepsy  to  supplement  ineffectual  periodic  observation  during  sleeping  hours. 

It  was  developed  to  detect  the  onset  of  status  epilepticus  associated  with  seizures  that  begin 
as  complex  partial  and  progress  to  generalized  tonic-clonic.  The  early  stages  of  these  seizures 
are  characterized  by  a  loss  of  consciousness  during  which  there  are  minor,  barely  perceptible 
tremors.  The  monitor  sensor  is  capable  of  detecting  the  "hard  shiver"  activity  characteristic 
of  complex  partial  seizures.  It  is  small  and  inexpensive  to  produce  since  it  detects  without 
measuring. 

The  sensor  is  an  intermittent  switch  consisting  of  a  small,  electrically  conductive 
sphere  that  is  able  to  move  within  the  confines  of  a  small  hollow  cylinder  with  closed  ends 
(Figure  2).  The  sphere  is  stainless  steel  and  has  been  chemically  treated  (Marble’s  reagent)  to 
enhance  surface  roughness.  The  wall  of  the  cylinder  is  conductive  as  are  the  end  plates,  each 
of  which  is  separated  from  the  cylinder  wall  by  an  insulator.  The  end  plates  are  electrically 
connected  and  form  one  pole  of  the  switch.  The  cylinder  wall  is  the  other  pole.  When  the 
sphere  is  in  contact  with  either  of  the  end  plates  and  the  cylinder  wall,  the  switch  is 
mechanically  closed.  However,  depending  on  the  presence  of  oxides  and/or  surface 
roughness,  the  contact  resistance  may  be  quite  high  and  the  switch  may  or  may  not  be 
electrically  closed.  The  important  feature  is  that  even  small  motions  of  the  switch  cause  the 
ball  to  roll.  The  mechanically  closed  position  (sphere  in  contact  with  the  cylindrical  surface 
B  and  one  of  the  end  caps  A)  is  the  only  stable  position  of  the  sphere,  so  most  rolling  occurs 
in  this  position.  As  the  sphere  rolls,  electrical  contact  with  the  wall  is  intermittent  due  to  the 
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variations  in  contact  resistance.  The  surfaces  have  been  tapered  to  improve  the  probability  of 
a  weighted  contact.  No  attempt  has  been  made  to  optimize  the  taper  or  utilize  curved 
surfaces  since  the  design  of  Figure  2  has  proved  to  be  satisfactory. 

Quasi-continuous  activity  for  a  finite  period  of  time  is  used  as  an  indication  of  seizure 
activity.  In  the  current  design,  any  sensor  activity  detected  in  a  series  of  contiguous  five- 
second  windows  satisfies  the  alarm  criteria.  This  technique  ensures  consistent  results  at  all 
monitor  orientations  and  reduces  the  number  of  false  alarms  due  to  casual  motion.  However, 
false  alarms  inevitably  still  occur  which  cause  undue  anxiety  for  the  caregivers. 

A  SOLUTION 

In  an  effort  to  more  reliably  detect  seizures,  the  sensor  response  data  were  recorded 
off-line  for  analysis.  Data  were  sampled  at  500  psec,  which  is  near  the  sampling  rate  of  the 
microcontroller  used  in  the  monitor.  While  the  technology  required  to  collect  data  in  real 
time  is  currently  being  developed,  simulations  of  both  casual  motion  (i.e.,  simulation  of 
rolling  over  during  sleep)  and  "hard  shiver"  activity  (simulated  by  a  very  slight  shivering 
motion)  were  generated  in  the  laboratory.  These  simulations  were  performed  by  several 
different  individuals  based  on  descriptions  of  seizure  activity  provided  by  both  physicians  and 
caregivers  of  those  afflicted  with  the  disorder. 

Figure  3  shows  four  seconds  of  sensor  response  typical  of  both  types  of  motion.  A 
Fourier  analysis  was  performed  on  the  data  in  an  effort  to  identify  a  seizure  by  isolating 
conspicuous  spectral  components.  Figure  4  shows  samples  of  smoothed  power  spectral 
densities  (PSD)  for  both  types  of  motion.  No  peaks  have  been  observed  in  the  PSD  of  the 
sensor  response.  In  fact,  these  figures  appear  to  indicate  no  clear  distinction  between  sensor 
response  to  shiver  or  to  casual  motion.  Our  analysis  has  shown  that  both  spectrums  have  the 
form  of  flicker  noise  originating  from  hyperbolic  distributions  of  noise  pulse  durations.  This 
is  one  of  the  characteristics  of  self-organized  critical  behavior.  Because  of  the  absence  of  any 
obvious  distinguishing  peaks  in  the  PSD,  neural  networks  were  employed  as  an  alternative  in 
an  effort  to  identify  subtle  differences  in  the  power  spectrums. 

Four  seconds  of  500  psec  data  was  used  to  compute  the  power  spectrum. 
Approximately  one  hundred  training  sets  were  generated  by  contiguously  shifting  a  four- 
second  time  window  along  four  thirty-five  second  data  sets.  The  power  spectrum  for  each 
window  was  computed,  normalized  (between  0.2  and  0.8),  and  51-point  smoothing  apphed  to 
the  entire  spectrum.  The  smoothed  data  were  binned  into  24  equally  spaced  segments  and  the 
center  frequency  components  used  as  the  feature  vectors  for  a  24  x  10  x  1  feedforward 
network.  Standard  back  propagation  (ref  3)  was  used  to  modify  the  interconnects  during 
training.  The  single  ouqiut  cell  of  the  network  was  used  to  predict  the  presence  or  absence  of 
seizure  activity  in  the  recorded  response  data. 
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The  network  converged  to  a  solution  after  about  lOK  iterations  with  a  learning  rate  of 
0.03  and  momentum  term  of  0.5.  Performance  of  the  network  reached  an  asymptote  at  this 
point,  by  which  time  the  summed  squared  error  decreased  to  a  value  of  0.02.  Figure  5 
illustrates  the  performance  of  this  network  to  response  data  not  included  in  the  training  set. 
The  neural  network  successfully  classified  all  instances  of  seizure  activity  and  casual  motion 
for  the  training  data  and  the  test  sets. 

CONCLUSIONS 

The  smooth,  flicker  noise  nature  of  the  power  spectral  densities  initially  indicated 
there  may  not  be  enough  information  in  the  sensor  response  data  to  distinguish  seizures  from 
casual  motion.  It  was  thus  surprising  that  the  network  converged  to  a  solution  during  training 
and  correctly  identified  seizures  in  the  test  sets.  This  clearly  demonstrates  the  utility  of 
neural  networks.  We  plan  to  test  different  network  configurations  and  use  a  smaller  time 
window  to  further  reduce  the  monitor  response  time. 

The  network  has  not  been  ported  to  the  microcontroller  used  in  the  monitor 
electronics.  It  is  simply  not  powerful  enough  to  support  the  mathematics.  However,  there  is 
now  reason  to  believe  a  more  complete  analysis  of  sensor  response  can  be  devised  to  detect 
seizures  while  masking  virtually  all  activity  associated  with  casual  motion.  In  addition,  the 
time  required  to  identify  a  seizure  can  be  reduced  by  at  least  an  order  of  magnitude.  Since 
this  promises  dramatic  improvements  in  monitor  performance,  a  suitable  redesign  of  the 
monitor  electronics  is  currently  in  progress. 

FUTURE  WORK 

The  Center  for  the  Disabled,  Albany,  NY,  has  requested  Benet  produce  20  additional 
units  for  patients  with  similar  disorders.  Furthermore,  teachers  at  the  Center  have  expressed 
an  interest  in  monitoring  a  number  of  disabled  children  throughout  the  day.  The  latter  is  a 
challenge,  however,  the  neural  network  results  indicate  the  existing  design  could  be  modified 
for  daytime  monitoring.  Pulse  analysis  techniques  will  be  employed  to  analyze  sensor 
response  in  an  effort  to  determine  the  criteria  the  neural  network  uses  for  classifying  the 
signals.  We  hope  to  discover  a  simple  metric  that  the  microcontroller  can  utilize  to 
distinguish  casual  activity  from  seizures. 
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Figure  3.  Sensor  response  for  seizure  and  casual  motion. 
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